The characteristics of an endoglucanase produced by a Trichoderma virens strain T9 newly isolated from a palm-fruit husk dump site, its physiological characteristics and enzyme production were studied. Whole cells of the depolymerizing-enzyme producing T. virens were applied to palm-fruit husk and bird performance characteristics when employed as poultry diet additive were considered. Endoglucanase activity in submerged fermentation was 1.6 nkat. Optimum activity was recorded at pH 6.0 and 55 o C. The enzyme retained 50% residual glucanase activity at 70 o C for 10 minutes. 1.0% Tween-80 and SDS yielded endoglucanase activity 2.15 times higher than the control. Activity was boosted by 20mM Ca 2+ (115.0%);
INTRODUCTION
Plant matter represents a major source of renewable organic matter (9, 19) . Their composition makes them of veritable biotechnological value (12) . In the tropics and around the world, a lot of plant materials are generated all the year round through forestry and agro-industrial practices and thus constitute pollution problems. These problems are generally solved in developing countries through the burning of biomass especially to create space for a new planting season. However, *Corresponding Author. Mailing address: Microbial Physiology and Biochemistry Research, Department of Microbiology, University of Ibadan, Ibadan, Nigeria.; Tel.: +234-8025198741.; E-mail: busolaodeniyi@gmail.com these agricultural 'wastes' can be potentially converted to value-added renewable bio-products such as fuels, chemicals, improved animal feeds, and cheap energy sources for fermentation (9) . Even though the composition of plant matter is basically crystalline with insoluble cellulose fibrils and surrounding amorphous regions of hexoses and pentoses (22, 23) , interactions of many bacteria and fungi with them are quite complex.
Microbial degradation of plant structural polysaccharides requires an array of microbial enzymes which work synergistically to achieve effective hydrolysis (2, 3) .
Microorganisms are known to produce these enzymes (8, 13) for cellulose hydrolysis. Types of microbial cellulases enlisting different modes of action (3) , have been documented to include endoglucanases (carboxymethylcellulases) which hydrolyse the amorphous regions of the plant cellulose structure; exoglucanases (cellobiohydrolases) which progressively cleave units of cellobiose from the crystalline or amorphous ends of the cellulose structure while β-glucosidases (cellobiases) hydrolyse soluble cellooligosaccharides into glucose units.
Many Trichoderma species have been described to possess cellulose-degrading capacities (14, 20, 25, 29) .
Palm fruit abounds in the western part of Africa and has been the traditional source of oil, especially for cooking. Palmfruit husk is a readily accessible fibrous substrate obtained after oil extraction from the fruits. This by-product, termed 'Oguso' in the western part of Nigeria, finds application only during massive cooking where it aids the effective combustion of fire wood. Therefore palm oil producers dry up the husk and sell for such purposes only. The alternative use of this husk, in conjunction with T. virens, especially in enzyme production and animal nutrition towards ensuring food security is considered in this work.
MATERIALS AND METHODS

Microorganism and culture conditions
The isolate was used as an enzyme preparation consisting of whole cells (7, 17) .
Enzyme production and characterisation
Screening for the production of endo-1,4-β glucanase was effected using a medium described by Yeoh et al. (27) . 
Characterisation of T. virens Degrading Activity
The pH effect on cellulolytic activity of the isolate T. other poultry layer feed components as shown in Table 2 to make bird feed.
Feed: Birds were fed a basal diet in which the maize component was entirely substituted for with palm-fruit husk with or without the addition of T. virens strain isolate PFH T9.
The normal feed diet and other feed components were obtained commercially from Amo-Byng ® Feed, Awe, Oyo State. Palmfruit husk was obtained after the traditional extraction of oil from the fruit. All birds were allowed free access to feed and water. The analytical composition (26) of both the microbial and non-microbially modified palm-fruit husk diet and control diet is as stated in Table 1 . 
Monitoring of Birds' performance Characteristics:
Feed consumption and increase in body weight were monitored throughout the duration of the experiment with an electronic weighing balance. The egg characteristics considered included weight, yolk and shell characteristics. The experimental data were analysed using an ANOVA test with p<0.05 considered significant. To determine significant differences between treatment groups for substrate, and microbial additive effects, a t-test was done using Graph-pad Prism 4.0 software. The highest daily feed was consumed by the control diet birds (Table 3) , while the least was by the birds maintained on the plain husk diet (130.6g). There was no significant difference (p>0.05) in daily bird weight gain, however, increase in bird weight was numerically highest for the birds maintained on the control feed (15.14g/day). The least feed/gain ratio was recorded from the husk diet without fungal inclusions. From Table 4 , egg production and egg weight were significantly different (P< 0.05) and numerically higher from the control diet. The least was from the husk diet without fungal inclusions. The albumen content was highest (67.51%) from the control diet. The highest values recorded for the dry shell weight, wet shell weight and the shell thickness were from the microbially-modified palm-fruit husk-based diet (Table 5 ). This was followed by that from the control experiment and least from the husk diet without fungal additions. The dry shell weight was not significantly different when subjected to a one way ANOVA analysis. The results from the analysis of wet eggshell weight recorded the same pattern documented for the dry shell weight. There were significant differences in the shell thicknesses from the 3 tests (p< 0.05). The highest quantity of yolk was recorded from the birds maintained on the diet of husk and T. virens (Table 6 ).
RESULTS
Screening for ability of T. virens
The least was from the control diets. Egg cholesterol /50ml egg weight was least with the un-modified husk diet fed on layers.
That of the control birds was higher (216.3mg/50ml) and the highest quantity of egg cholesterol was recorded in birds fed the microbially-modified experimental diet. By ANOVA, there was no significant difference in the yolk values, while there was for the egg cholesterol results. Non-parametric results showed a significant difference (p< 0.05), in the yolk quantities between the husk diet with T. virens and the control diet. Table 6 . Yolk and cholesterol characteristics of poultry layer birds fed husk based diets with or without microbial additives. To the best of our knowledge, this is the first report on the complete incorporation of T. virens with the external husk component of oil-palm fruit into a poultry layer diet totally devoid of maize substrate. Since there was no significant difference in the bird weight values, and the feed to gain ratio were better with husk diets, the two husk treatments may be employed as substitutes for or partially incorporated into maize based diets in poultry layer nutrition. The husk diets might also generate 'earlier satiety' in birds such that excess maize is not ingested as a result of the compulsive pecking habits of the birds.
